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ABSTRACT

The vacuum thermal decompositions of the combustion
intermediates from the reaction of N,0 4 With NoH 4 have been
investigated. The identity and cencentrations cf the evolved
gaseous products from mononitrate and diaitrate salts of
hydrazine as weil as ammonium nitrate were determined at
successive temperatures until the thermolyses were com-

pleted, with a mass spectrometar and differential thermal

analyzer.
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L INTRODUCTICON

zire and alkylated derivatives in comzirAtion with ;’20.5 Bave
been used for scme time in Hquid biprosziiznt rockst motors. The
propeision systems utilizing these propeilants have at times snccuntered
difficulty Quring rapid start aucd restart conditions under low-pressure

envircenmernis where consplete combustion of the fael does oot occar.

Partially oxidized fuel is accumnuiated in the comr bustion chafnber =2lj

AT

ard nozzle a¥ea. As a result, the occurrence of abnormally laxrge ignition

-

i
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overpressures during pulse mode firings have a2 deleterious effect on

L

-

engine performance. The expulsicn of these combustion iztermediates

with the exhaust proeducts czn also lead to contamiration of the spacecraft
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vehicle surizces. revions work has established that the major constii-

e

e

uents among the residues from the combusticon reaciicens detwesen N,O
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and hydrazine derivatives are the pitrate salis of the fuel 71-37.

Earlier werk in our lzboratory invesiigatec the thermal decomposition
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of monenitrate 2nd dinitrate salis of monomethyihydrazine [MMH} 4.

h

b

which 2re the residues resulting from the incompiste combustion of ?E;,G_;

T R oty

and MMH. Simultanecus mass spectrometric differential thermail amalyses

n

i

=2 of these compounds resulted in the evolution of 11 identifiable species.

AT

This study has beer extended to include the thermal decomiposition of

pnitrate salts of bydrarine.
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Figure 1. Vacuum differential thermogram and product £
profile for hydrazinium nitrate
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L RESULTS AND DISCUSSION

The differential thermograms and the compositicns of the evolved
gases versus temperature during the thermal decompositioas of N2H4‘
HNO;, N,H, 2HNO;, and NH,NG, are plotted in Figs. 1-3. Identical
temperature scales are used for both graphs. The terminal exotherm
in the differential thermograme obtained in the decomposition at ambient
pressure was replaced by a large endotherm in vacuum similar to that
reported for MMH: HNO3 salts. The observed effect is the net result of
the heat released during thermolysis and heat 7 bsorbed upon volatilization
of the products. Apparently, the heat of vaporization of the substantial
amounts of water formed is the dominating factor in determining the shape
of the thermogram.

In Fig. 1, it can be seen that the major products evolved were water,
NO, and NZ’ with evolution starting at approximately ZOQOC. Consider-~
ation of only these major Species indicates that the decomposition of
NoH HNO, may be described by the following equation, which had

previcusly been proposed by Hodgkinson 771 :

4N,H  HNO, = 5N, + 2ZNO + 10 H,0

Among the minror products found were i\’:zo, NOZ’ NH3, HN 3 HZ’ and 02.

A barcly detectable quantity of hydrazine (not shown in Fig, 1) was obtained
in some of the runs. This is probably due to the dissociation of the nitrate
salt. Further evidence for the cccurrence oi hydrazinium nitrate dissoci-

ation can be seen by a small spectral peak appearing at a mass number of




63, corresponding to HNO3. Water avd N,,O were among the {irst

products evolved at the lower temperatures. The decomposition was
complete at about 255°C.

Tha 1ecults from the vacuurm diffexential thermogrem and product
proiile obtained from the decomposition of NZH Y ZHNO3 are shown in
Fig. 2. In comparisen te the monenitrate, water was released at lower
temperatures (ca l*’)OoC) and was manmifested in the first endothesm
observed in the thermograms. In addition, a consicerable quantity of
NO, was evolved at these temiperatures. In fact, NO,, which was 2 minor
product in NyH 4 HNO3 decomposition, became one of the major species,
together with water, NO, and N,. A substantially greater amount of ‘HN3

was also produced, whereas the remaining expected species, N,0, NH

2 3

H, » and O,, were found as minor praducts. Again, with the observed
s

majox products, the decomposition reactioi: for N,H 4‘ ZH.\’O3 may be

written as:

NaHd' ZHNO3 - N, T NO + NO, + 3H20

However, the decomposition reaction oi the double nitrate sailt is very
complex, and the minor producis can play an important role in determirdng
the relative quantity of the major species. Thus, no single cquation can be
written to represent accurately the species produced.

Among the evolved species from the thermolyses of nitrate salts of
hydrazine, a gascous product having a mass number of 43 was observed
and attributed to hydrazoic acid (HIN;). This product is an extremely

shock~ and heat-sensitive energetic compound that may be formed .y

il L b

il o
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the nitresation of the hydrazine followed by rearrangement and dehydration
The presence of this explosive compound is consistent with the icentification
of methylazide discovered in our previous work during the thermolysis of
MMH. HNO;.  These results are also anslogous tc the results cbtained by
Danerman, et al. 87 where HN3 wzs observed when N204 corndensed on
NyH, ata low temperature was allowed to warm up slowly. These results
are of particular interest in that HN; would also be formed during the
operation of N,O 4Ihydrazine bipropellant motors under high-altitude con-
ditions. Although this azide would not be accumulated under a low-pressure
environment, it nevertheless is capabte of triggering the detonation of the

nitrate salts accumulated in the combustion chamber walls., Thus, if

sufficient Juantity of the combustion intermediate had been formed from

LR

'
)

- previous firings, the resultant effect would be an abrermally high igaition

overpressuréeé. Such pressure spiking phenomenon had been observed in

AR

the operation of bipropellant motors under & low-pressure environment.

The decompesitior of ammanium nitrate 795 has been described as

follows:

The reaction, however, is much more complicated, &s cvidenced by the
results shown in Fig. 3. Inaddition to water and N,C, smaller amouss

cf NO, NH;, and N, were also obtained. Theformation of the latlter two
species during the decomposition of aminonium nitrate has previously beer
reporied ™97, A small peak at mass number of 62 (HNOB) was also observed,

No eviderce for the presence of zeoz was found, althcugh a small quantity




may have been present but was undetected since the mass spe-tra is

obscured by interfering compounds.

This study of the combustion intermediates from the reaction of
?«!20 4 with hydrazine ias defined the temperature range required for
the removal of these hydrazine nitrates by thermal degradation. The
identity of the evolved species and their respective concentrations as

2 function of increasing temperature have also been obtained.
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